Abstract. In this paper we present an approach for evaluating concepts in ontologies of restricted domain. The aim is to validate those concepts by discovering the linguistic patterns that have been used in the process of constructing the ontology. For this purpose, we have evaluated the concepts stored in three different ontologies from the following restricted domains: oil recovery, artificial intelligence and e-Learning. Two types of procedures were used for evaluating the ontological concepts: first, an intrinsic process using only the target ontology was carried out, whereas the second one procedure employed an extrinsic evaluation in which a reference corpus supports the validation process. The experimental results show a satisfactory performance when the approach proposed is executed in each ontology evaluated.
high number of items inside it. This analysis is time consuming (hours/person). The evaluation process is not a trivial one, because it is necessary to chose the items of the ontology that should be considered when evaluating it, so as the particular criteria to employ in the evaluation (see [1] ).
In this research work, we propose an automatic method based on Natural Language Processing (NLP) for the evaluation of concepts of an ontology of restricted domain. The proposed methodology assumes that the ontology has been constructed in an automatic, semi-automatic or manual way, and that the reference corpus (collection of documents) is semantically associated with the target ontology. The aim is to "validate", en a first stage, the quality of the ontological concepts. The evaluation of these concepts is carried out by means of two independent ways: 1) Using a reference corpus for the target ontology, and 2) Using the same ontology as training and test set, i.e., without any reference corpus.
The remainder of this paper is structured as follows. In Section 2 we present research works related with the automatic extraction of candidate terms. We also discuss the approaches for the automatic identification of restricted domain ontological concepts (see Section 3), including the construction and evaluation of morpho-syntactical patterns (see Section 4) . Finally, conclusions and findings are given in Section 5.
Related Work
Most of the evaluation approaches for semantic resources in literature are focused on the evaluation of the ontology structure, assuming that the ontological concepts have been correctly defined by the ontological engineer. However, with the aim of provide a much more wide view of the evaluation process, we consider different approaches, even if some of those approaches are not so popular. The reviewed research works are firstly categorized in terms of the type of process employed when the ontology was constructed: automatic, semi-automatic or manual, and secondly, in terms of the practical creation purpose for the ontology. The major of the literature works may be categorized as follows [1] :
Human-Based Evaluation following Criteria, Standards and Requirements This type of evaluation allows to evaluate certain characteristics of the ontology, providing a numeric score [9] . Some features considered in this kind of evaluation are: Completeness, Correctness, Readability and flexibility [5, 3] . with respect to another ontology built manually, i.e., a gold standard ontology [10, 11, 15] . The comparison of both ontologies can be on two levels: lexical (similarity between concepts), and conceptual (similarity between relationships and taxonomies) [7] . In [4] different evaluation measures for lexical and semantic levels of ontologies are presented.
Reference Corpus-Based Evaluation In this case, the quality of the ontology is represented by the degree of a corpus topic covered by the ontology. For example, precision and recall metrics were used in [14] to evaluate the degree of lexical similarity of the ontology triplets with respect to elements extracted from the reference corpus. Furthermore, in [2] a probabilistic approach is used to compare the labels of an ontology with respect to a set of important terms identified in the reference corpus (extended by adding two levels of hyperonyms from WordNet).
We are interested in the automatic extraction of terms in a corpus domain from morpho-syntactical patterns identified in the words that form the concepts defined in the ontology. The morpho-syntactic patterns are built automatically from the words that integrated the concept using clustering. These patterns are used to extract the terms in the corpus. Next, we validate these terms with the concepts of the ontology.
The Proposed Approach for Evaluation of Ontological Concepts
In this section, we present an approach for the evaluation of restricted domain ontological concepts. First, we present the target ontologies to be evaluated (see Table 1 ), together with the metrics employed for the evaluation. Thereafter, we introduce an approach based on morpho-syntactical pattern for evaluating the concepts by means of a v-fold validation process, using the same ontology. These patterns are employed in another stage of the complete process for extracting and evaluating the candidate concepts by using a restricted domain corpus associated to the ontology. In Table 1 we show the total number of concepts (C) and hierarchical relations (R) of three restricted domain ontologies that were evaluated following the proposed approach of this research work. In the same table is also shown the total number of documents (D) of each reference corpus, the number of tokens (T ) and the vocabulary size (V ). The restricted domains considered in this paper are: oil improved recovery methods (OIL), artificial intelligence (AI), and standard e-Learning SCORM (SCORM)
1 [16] . The evaluation of the proposed approach is carried out by means of metrics traditionally employed in information retrieval, such as precision (P), recall (R) and F-measure (F). Precision measures the proportion of candidate concepts that really belong to the target ontology between the number of terms identified as candidate concepts by the system. Recall measures the proportion of candidate concepts identified by the system as ontological concepts between the number of all the real ontological concepts of the ontology. F-Measure is an harmonic measure that combines precision and recall. The evaluation method for ontological concepts considers firstly the automatic identification of morpho-syntactical patterns employed by the ontological engineer (a human being or a computational system) in the original construction of the ontological concepts. Thus, we present the method used in the construction of linguistic patterns and the validation of it.
Construction of Morpho-Syntactical Patterns
The method employed for constructing the patterns and its use for extracting candidate terms, either from the ontology or from the reference corpus, is presented as follows:
1. To apply a Part-Of-Speech (PoS) tagger to the ontological concepts. In this case, we use TreeTagger [13] . 2. To identify the morpho-syntactic tags for each ontological concept. 3. To cluster the morpho-syntactical PoS tags. We intercepted the morphosyntactic PoS tags for forming clusters. 4. To construct regular expressions for the cluster of morpho-syntactical tags. 5. To extract candidate terms by applying the mentioned regular expressions to the reference corpus or ontology.
The results obtained by the aforementioned approach when it was applied to each ontology and corpus are shown in Tables 2, 3 , and 4. The first column indicates the number of patterns identified in the ontology, the second column indicates the frequency of the pattern in the ontology, the third column shows the identified pattern itself, whereas the fourth column indicates the number of repeated terms in the corpus that match the pattern. The PoS tags are indicated by the following letters: P for preposition, A for adverb, N for noun, J for adjective, V for verb, C for number, F as a foreign word, and S is the symbol ".".
The most frequent morpho-syntactic pattern is the one starting with a noun, followed by nouns and adjectives (pattern 1). This result is expected because the ontological concepts mostly will have this behavior. Actually, the number of multi-word expressions matching this pattern in the reference corpus is extremely high, thus they should be considered only as "candidate" concepts and filtered through some kind of term reduction technique.
Interestingly, some unexpected patterns such as pattern 10 of Table 3 have appeared in the AI ontology. The frequency of this pattern is 1 in the ontology, but it was not possible to find multi-word terms in the reference corpus. We suppose this problem is caused by the morphological tagger, because it does not have contextual information for correctly assigning the PoS tag to the concept. In order to avoid having incorrect morpho-syntactical patterns, this problem needs to be solved. 
Evaluation of the Morpho-Syntactical Patterns
In a first phase of the evaluation of the ontological concepts, the regularity of the morpho-syntactical patterns employed by the ontological engineer (either being a human or a computer program) is considered. We evaluate the concepts using a v-fold cross validation process under the same target ontology. The explanation of this procedure together with the obtained results is given in the following section. Thereafter, we show how to validate the ontology by a second type of procedure which uses the morpho-syntactical patterns for findings concepts in a reference corpus with the aim of comparing those with the ones already stored in the ontology to be evaluated.
Intrinsic Evaluation of Ontological Patterns for Restricted Domain Ontologies
The intrinsic evaluation of ontological concepts considers only the target ontology, i.e., no other external resources such as a reference corpus is used. The procedure can be described as follows:
1. The concepts of the ontology to be evaluated are considered into two sets: training and test. 2. We identify regular morpho-syntactical patterns on the training set 3. The patterns identified are then used to validate the test set We execute this procedure k times by changing the training and test set in a leave-one-out process, thus we execute a k-fold cross validation process [8] over the same ontology, in which k−1 sets are used as a training set, and the remaining one as the test set. The average of the obtained results in each iteration is given as a final result.
In a strict sense, the morpho-syntactical patterns should be employed for matching complete strings of words, however, in some cases, a sub-string may match with a particular pattern. For example, the concept "long term planning system" is already stored in the AI ontology, however, there are some patterns which permit to determine that the string "planning system" may be also a candidate concept, even if this multiword term is not stored in the target ontology.
In Table 5 we show the obtained results when this particular method of sub-string matching is employed. Precision (P ), recall (R) and F-Measure (F ) evaluate the quality of the ontological concepts (OC) stored in the ontology. As can be seen, we were able to find every concept of the ontology (R = 1) besider a number of new concepts (candidates to be concepts (CC)) that also match with the morpho-syntactical patterns discovered. From our particular point of view, this process may be interesting, since it will allow to suggest the inclusion of new concepts to the ontology. Taking into account the total number of candidate concepts found, we obtain an F-measure greater than 0.8 in all the ontologies evaluated. Table 6 shows the results obtained by averaging the different v folds of cross-validation when it was applied to the different restricted domain ontologies evaluated in this research work. We have also evaluated the ontologies by taking into account the total number of candidate concepts found. The F-Measure obtained is about 70%, a value that indicates the degree of regularity when constructing the ontological concepts of the target ontologies. The obtained results show that the SCORM ontology presents a more stable construction schema than the other two ontologies evaluated, i.e., the SCORM ontology has been constructed employing a uniform set of morpho-syntactical patterns when the ontological concepts were identified by the ontological engineer.
The following research question arises when we obtain this kind of results: Are there universal morpho-syntactical linguistic structures employed by the ontological engineers when constructing restricted domain ontologies?. In order to answer this important question, we have executed an experiment in which Table 6 . V-fold cross-validation for intrinsic evaluation of ontologies. the k-fold cross-validation process has been carried out among different domains, i.e., we have used one domain as a training set and another one as the test set (k-domain cross-validation). Table 7 presents the evaluation results obtained when we employed the morpho-syntactical patterns discovered using the ontology of the first column (Ont) for discovering candidate terms using the ontologies Ont 1 and Ont 2 . Thus, in the first row the OIL ontology has been used as training set, whereas the other two ontologies (AI and SCORM) were used as test set. The second row shows the results obtained when the AI ontology is used as a training set and the other two ontologies are used as the test set (Ont 1 =OIL and Ont 2 =SCORM). Finally, in the third row we present the evaluation values obtained when the SCORM ontology is used as the training set, whereas Ont 1 =OIL and Ont 2 =AI are used as a test set.
Ontology
As expected, the performance of the approach is lower than the previous experiments, because in this case we are dealing with a knowledge transfer process from a domain X to a different domain Y . Again, we observed that the concepts of the OIL ontology do not have homogeneous linguistic patterns, while the SCORM ontology seems to have a set of linguistic patterns much more generic than the other two ontologies. Since the F-Measure is not greater than 70% for all the evaluations, we consider that more investigation need to be done in future work with the aim of deeply understand the manner the ontological engineers employ the morpho-syntactical patterns when they construct ontologies of restricted domain. Table 7 . v-domain cross-validation evaluation results.
Ont1
Ont2 
Extrinsic Ontological Concepts Evaluation (using a Reference
Corpus)
The extrinsic evaluation is carried out when we have a corpus associated to the same domain of the target ontology to be evaluated (reference corpus). In this case, we use the ontology as a source for identifying the morpho-syntactical patterns employed by the ontological engineer when constructed the ontological concepts. These patterns are then used for extracting candidate concepts from the reference corpus and compared them against the original concepts in order to evaluate the quality of the original ontological concepts. The methodology employed in this case consists of the following steps:
1. To apply a Part-Of-Speech (PoS) tagger to the ontological concepts of the target ontology. 2. To identify the morpho-syntactic tags for each ontological concept. 3. To apply a Part-Of-Speech (PoS) tagger to the reference corpus. 4. To extract candidate concepts in the reference corpus by using the morphosyntactic patterns previously discovered. 5. To compare the candidate concepts against the original ontological concepts and provide a measure of the ontology quality. Table 8 shows the results obtained with this kind of ontology validation. We observe that by applying this methodology, we are able to discover 87.5% of the OIL ontological concepts, 74.27% of the AI ontological concepts, and 59% of the SCORM ontological concepts. The proposed approach allows then to evaluate the quality of the methodology when a reference corpus is available. Of course, the better the reference corpus (amount and quality of the documents), the higher the reliability of this procedure of evaluation.
Some patterns obtaines a extremely generic, thus generating in some cases huge numbers of candidate concepts (CC). It is then important to implement a candidate concept reduction schema that allows to improve the evaluation procedure, limitating the candidate concepts to those associated to the ontology domain. Again, the new concepts discovered may be used for suggesting to the ontological engineer their inclusion into the ontology. 
Conclusions
In this research work we have presented an approach based on morpho-syntactical patterns for evaluating ontological concepts stored in ontologies of restricted domain. Intrinsic and extrinsic evaluation procedures were carried out, showing that it is possible to evaluate the quality of the ontology when a reference corpus is available, but also when this collection of documents is not available.
By evaluating the target ontologies employing the intrinsic procedure we were able to analyze the regularity of the morpho-syntactical patterns employed by the ontological engineers when constructing the ontological concepts. According to the results obtained, the SCORM ontology is the one that has been constructed with more care, despite of the high number of ontological concepts that this ontology has, because the linguistic patterns discovered in this ontology are homogeneous and less specific than the ones used in the other two ontologies.
On the other hand, when we employed the extrinsic procedure, we were able to validate the original ontological concepts by using candidate concepts discovered in a reference corpus. The approach proposed obtained a minimum of 59% of accuracy and a maximum of 87.5%, whereas the recall was 100% in all the cases.
Even if the purpose of the method proposed is to validate ontological concepts stored in ontologies of restricted domain, it is also possible to use it for suggesting or recommending the inclusion of new concepts in the target ontology which we consider an important contribution of the experiment carried out.
One of the methods proposed for discrimination of candidate terms, as future work, is the identification of taxonomic relationships and not taxonomic relationships associated with these terms in the corpus.
The resuts has been applied to suport the semiautomatic build of ontological conceptual model. The next step is to integrate this approach in order to obtain relevant term extraction on specific domain.
